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Abstract.
Equatorial observations by the geostationary satellite
ATS-5 of the charged particles on auroral lines of force
reveal the frequent injection of plasma cloud?:, into the
magnetosphere. These intrusions of hot plasma are found
to have. a one to one correspondence with magnetospheric
substorms,. The clouds are dispersed by the earth's mag-
netic and electric fields in a fashion which generates
complicated energy structure.
{
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Introduction
Previous equatorial observations of the magnetospheric plasma
(G ringauz, 19,61; Frank, 1967 a, b, and c; Vasy liunas, 1968; Frank, 1970;
Frank and Owens, 1970) have been made from spacecraft which made rapid
but infrequent traversals of the region between 5 and 20 earth rad , A. or
as in the case of the Vela spacecraft (Bame et al., 1967) remained 1c
great distances.
These observation: have shown the existence of a hot plasma which
exhibits considerable structure in its radial dependence and in the energy
spectra at each location. An excellent review of previous observations
has been given by Gringauz (1969).
The ATS -5 data show a strong local time dependence and even more
structure in the energy spectra than previously suspected. Data being
presented here shows that this structure is a consequence of the injection
of plasma in the vicinity of local midnight during magnetospheric sub-
storms and of the energy dependent dispersion of the plasma in the earth's
magnetic and electric fields. The injection and dispersion of the high
energy tail of these plasma clouds have been previously reported by
Konradi (1967), Arnoldy and Chan L969) .  Pfitzer and Winckler (1969) ) and
by . Lezniak and Winckler (1970).
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The present paper is also intended to serve as an introduction to
the data being obtained from the University of California, San Diego (UCSD)
plasma experiment on , ATS -5 and to describe the general characteristics of
the particle populations it has encountered.
Description of Experint
The ATS-5 satellite was launched into synchronous orbit (6.6 Re)
in August 1969 and has been kept near 105 degrees west longitude since
early September 1969. The orbital inclination is 2. ,30 degrees. S{nce the
satellite continues to spin with a period of 0.79 seconds, the booms
intended to provide gravity gradient orientation cannot be safely extended.
The spinning motion improves the plasma data in that it provides 4.he pos-
sibility of measuring important portions of the angular distribution. The
spin axis is oriented parallel to the earth's rotational axis.
A number of particle and field experiments are carried by the
ATS -5 satellite. The correlation of the results of these experiments is
expected to be quite fruitful. However, the present paper is based almost
entirely upon data from the UCSD plasma spectrometers. The only exception
is the magnetometer data which has been kindly provided by T. Skillman of
the Goddard Space Flight Center.
A complete description of the four spectrometers and associated
electronics in the , UCSD experiment will be published in the near future.
Therefore only a short summary is given here.
The four cylindrical plate spectrometers consist of two pairs of
•	 electron and proton analyzers directed parallel and perpendicular to the,
r
spun axis. The parallel analyzers point north and thus detect particles
•	 coming from the northern hemisphere. The particles are detected,with
Bendix type 4010 -3
 channel electron multipliers which have narrow angle
cones that give a 3 mm diameter sensitive area. Biases of -2700 volts
are applied to the front of the-multipliers for post-analysis acceleration
of protons and + 500 volts for electrons. These biases result in a
3
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constant high efficiency for the protons at all energies analyzed ° and for
electrons below one kev. The efficiency of channel multipliers decreases
at higher electron energies. This decrease has been accurately measured
(Archuleta and DeForest) and all of the data presented here have been
appropriately normalized to a constant effective efficiency. The potential
of a grid immediately in front of the sensors is held at zero in the pro-
ton analyzers and at - 30 volts in the electron analyzers to suppress
secondary electrons. All pulses greater than about 10-3 of the typical
pulse size are counted so there is little change in efficiency with large
changes in the channel multiplication factor. During the first year of
continuous operation in orbit, no changes in efficiencies have been
discernible.
Three simultaneous accumulations 0.26 seconds long are taken every
0.32 seconds. Two analyzer outputs are selected by ground command to,feed
two of the accumulators while the other two are alternately fed to the
third accumulator. Accumulation is stopped for 4 microseconds after each
pulse counted so that the small afterpulses which can occur during the
first one or two microseconds after a particle is detected are not counted.
Deadtime corrections are applied so that rates up to 10 6
 /see are believed
to be measured accurately.
•	 The analyzers have an energy resolution of about 13% and a geo-
metric factor such that dividing the counting rate by 4.3 x 10 -5 cm sr
yields the differential energy flux in units of ev/cm sec sr ev. The
angular response to a uniform energy distribution extends over a rectangular
solid angle of about 5 by 8 degrees.
4
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The inner and outer plates of the analyzers are connected in par- 	 '
allel to two high voltage supplies which can be stepped through 62 ex-
ponentlally spaced voltages 12% apart (with less than 0.1% accumulative
error) thus varying the energy analyzed from 50 ev to 50,000 ev. Two
zero voltage steps are also included to provide background measurements
(in practice the backgrotuid is usually low and is not subtracted).
The system can be commanded to cycle through all 64 steps each
20.48 seconds or in a number of other patterns. One frequently used
mode alternates between a 20.48 second scan of all 64 steps and a 61.44
second period in which the analyzed energy is varied such tha ,;t it tracks
a peak in the counting rate spectrum of the detector which has been
selected for the master channel. All of the data presented in this paper
were taken in this track-scan mode with the parallel proton detector in
the master channel, the perpendicular proton detector in the second
channel (labeled "mate") and the electron detectors sharing the third
subcommutated data channel.
Energy Spectra
The energy spectra observed by this experiment often contain a
our 	 amount of structure. An example is shown in Figure 1. The
,g	 same data are plotted in Figure 2 but with a linear scale for the flux.
The differential energy flux per unit energy is used for presentation of
the data since it is'proportional to the counting rate and, more '
importantly, it usually varies over a smeller range than the differential
number flux or differential number density. The differential number flux
can be quickly obtained from the differential energy flux by dividing '^y
5
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6the energy (in whatever units are desired since the energy per unit
energy is dimensionless).
In Figur., 1 a smooth curve is drawn through each data point which
.•
is marked by error bars which extend over the middle 68 percent of the
probability distribution according to Poisson statistics. At high count-
ing rates this corresponds to plus end minus one standard deviation.
Another surprising characteristic of the energy spectra is that
structure often persists and only slowly changes over a period of many
hours. Rather than making hundreds of individual plots to show the time
	 ,
development of the energy spectra, it is more efficient to employ the
"sonagram" technique in which a function of two independent variables is
encoded into .a range of grey levels going from black to white. In this
case, time is assigned to the horizontal axis, energy to the vertical
axis and the differential energy flux to a range of grey levels with white
representing the highest flux expected and black the lowest.
Figure 3 is a spectrogram of 24 hours of data from the parallel
proton detector which includes the spectrum -shown in Figure 1,. Energy is
plotted on a logarithmic scale with 50 ev at the bottom and 50 kev at the
top. The time perior3 starts at 2200 UT on January 5, 1970. Since the
satellite is near 105 degrees west, subtraction of 7 hours from the
universal time yields the local time (actually on this date it was nearing
the end of a period of eastward drift and was at about 103 degrees west).
The period thus begins and ends at 15 hours local time. Note that the
peaks at 48, 28, A, 10, and 3 kev in Figure 1 (traces G, E, D, C, and B)
persisted for about 6, 8, 12, 18 and greater than 22 hours respectively.
Note also that all of the peaks move fairly uniformly toward lower energies.
6
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The peak labeled B in the upper pare of Figure 3 which was at 3 kev in
Figure 1 ( 1234 UT) began near 40 kev at 0()00 OJT on January 6, 1970 and
retched 0.1 kev about 26 hours later. During this time, the angle between
the detector and the magnetic field varied between about 10 and 30 degrees.
Interpretation_of Energy Structure
Some progress'has been made in the interpretations of these energy
versus time patterns by starting with the assumption that the particles are
following trajectories which conserve the first two adiabatic invariants
and then searching for electric field patterns which predict the observed
energy structure. A detailed presentation of these analyses is beyond the
scope of this paper. The preliminary conclusions, however, provide a
useful aid to the comprehension of the ATS-5 data. They are therefore
stated here but without derivation:
1. Magnetospheric substorms correspond to a sudden intensification
of the east-west electric fields in a narrow sector near midnight.
2. This electric: field decreases wi ^h time but 'may persist for many
hours.
3. A cloud of hot plasma is moved deep into the magnetosphere from
regions of lower magnetic field which are presumably filled with
plasma from'the magnetosheath. Magnetic field lines inside the
magnetopause are assumed to be closed.
4. The energetic particles in the cloud follow radically different
paths due to the magnetic field gradient a,nd curvature contri-
butions to the drift velocity. In other words, energy, charge,
and pitch single dependent dispersion occurs.
%E
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65. The d(-rease in the east -went electric field with time leaves
many of the particles on trapped orbits where they remain
(unless r^noved by loss processes such as charge exchange or
pitch angle scattering into ".he atmosphere) until the next
substorm during which they are either moved back out or accel-
erated further in depending, on their local time.	 .
6. The radial component of the electric field is such that the
local time average of the azimuthal drift velocity of zero
energy particles is close to the corotation velocity.
7. The azimuthal drift velocity of zero energy particles is
slower and greater than the corotation velocity before and
after midnight, respectively.
Many of these conclusions are not new. The review by Word (1969)
describes most of the previous work which has lead to similar conclusions.
On the basis of the above statements, Figure 3 is interpreted as
follows:
1. A plasma cloud (actually an overlapping ".ir of clouds.) was
injected during the substorms which had onsets at about 2245 and
2325 UT on January 5, 1970 (according to the Abisko and Leirvogur
magnetometer records). No further injection events occurred
until a pair of substorms at 1130 and 1300 UT on January 6, 1970 i
(according to the College magnetogram).
2. The 50 kev protons in the cloud gradient drifted west toward the
ATS-5 which was approaching dusk local time and arrived at the
satellite during a period of about 30 minutes beginning at about
2330 UT January 5. These protons form the beginning of the
structure labeled "A" in the upper part of Figure 3.
8
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65. The de • rease in the east-went electric field with time leaves
many of the particles on trapped orbits where they remain
(unless r-noved by loss processes such as charge exchange or
pitch angle scattering into '.he atmosphere) until the next
substorm during which they are either moved back out or accel-
erated further in depending an their local tame.
6. The radial component cf the electric field is such that the
I	
.Local time average of the azimuthal drift velocity of zero
energy particles is close to the corotation velocity.
7. The szimuthal drift velocity of zero energy particles is
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slower and greater than the corotation velocity before and
after midnight, respectively.
Many of these conclusions are not new. The review by Axford (1969)
describes most of the previous work which has lead to similar conclusions.
On the basis of the above statements, Figure 3 is interpreted as
follows:
1. A plasma cloud (actually an overlapping t-'.ir of clouds,) was
injected during the substorms which had onsets at about 2245 and
2325 UT on January 5, 1970 (according to the Abisko and Leirvogur
magnetometer records). No further injection events occurred
until a pair of substorms at 1130 and 1300 UT on January 6, 1970 1
(according to the College magnetogram).
2. The 50 kev protons in the cloud gradient drifted west toward the
ATS-5 which was approaching dusk local time and arrived at the
ti I
satellite during a period of about 30 minutes beginning at about
2330 UT January 5. These protons form the beginning of the
structure labeled "A" in the upper part of Figure 3.
8
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3. Lower energy protons arrived at later times due to their smaller
gradient and curvature drift velocity components.
4. The 16west energy, protons on the dusk side of the cloud moved
blowly with respect to the corotating satellite and, therefore,
•	 were encountered at about 0800 UT January 6.
•	 5. The protons with energies of less than about 10 kev on the dawn
^I
	 side of the cloud initially moved farther from the satellite
(the electric field part of the azimuthal drift velocity being
greater than tb A inagnetic field gradient and curvature com-
poneats); As a consequence, the 'structure labeled "B" does not
decrease to 'less than 3 kev until after ATS-5 reaches dawn
(1300 hours UT) .
6. The deep minimum in the spectrum between "a" and "C" (located
at 5 kev in Figure 1) corresponds to the dividing line between
protons which have drifted to the east and to the west. We
believe that the intensities are low because these protons we
coming back out from inner regions of the magnetosphere where
the loss rates are high.
7. The trace of peaks labeled "C" correspond3 to a second cloud of
protons which was formed at the same time as the 'W" and "B."
sets of particles. Its origin is not understood, but the energy
•	 disper t4lon seems to be appropriate to an initial location on the
day side of the ms,gnetosphere. One possibility is that it is
composed of that part of the previously trapped protons which k 
was not ejected by the substorm electric fields.
9
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4. Trace "D" is formed by protons from the same cloud as traces "A""
and "B" but these protons have drifted westward all the way around
the earth. Trace "F" is believed to be formed by the protons in
this cloud which have made one a,cldit,ional circuit of the earth.
9. Trace "E" is formed by protons from the same cloud as trace "C".
but these protons have also drifted around. the Garth.
10. Traces "G" and "H" are formed by protons which have dispersed
about two-thirds of the way around the earth from clouds injected
during the 1.130 and 1.300 UT substorirs .
Injections During a Magnetic Storm
The time period of Figure ; was relatively quiet; K  = 3 for the
first 5 hours and p = 1 for the remainder of the time. When there are
greater magnetic disturbances, plasma is believed to be injected far
,y
inside the synchronous orbit and the ATS -5 satellite is presumably
sampling the middle and outer regions of plasma activity.
Spectrograms of the data from the electron and proton spectrom-
eter perpendicular to the spin axis during a relatively disturbed period
are shown in Figure 4. The data from the parallel detectors for this
period are shown in Figure 5. In these spectrograms the energy scales
are proportional to (Z; + 3 kev) -l . The electron scale is inverted ao
that zero energy for both protons and electrons is located at the time
marks between the two spectrograms. Infinite energy on these scales is
located at the bottom time marks for protons and at the time marks above
the electron spectra for electrons. These peculiar energy scales have
the property of straightening out many o° the energy dispersion traces
and permits easy determination of injection times by extrapolation back
10
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to the t1.-r: infinite energy particles would have arrived. The components
of the magnetic field perpendicular and parallel to the spin vector are
plotted along-with the spectrograms of the perpendicular analyzers. The
ma mitud(,- of the field and the rAngle to the spin vector are plotted along
with the Lpectrograms of. the parallel analyzers. These magnetic field
data are not corrected for the changing spacecraft fields. For the meas-
urements of the perpendicular component of the magnetic field, only the
coarse (33 y step size) data was used causing; an additional uncertainty
of about f 10 y. A guide to the reading of these spectrograms is given
in Appendix A.
Figures 4 and 5 cover the time period from 1500 UT on January 1,
1970 to 2100 UT on January 2, 1970. The K  values during this period
were 3, 3••, 2 ) 3-, 4+, 5+, 4, 4 1 4+, and 4. Low latitude magnetograms
exhibited 50 y decreases due to asymmetrical ring currents (see Solar-
Geophysical Data No. 311, Part 2, page 60).
Figure 6 shows traces of some of the spectral peaks exhibited in
Figure 4 with labels for future reference.
Figure 7 is a set of five magnetograms for this time period which
have been replo-%'ted on a common scale (courtesy Dr. Syun Akasofu). The
"M"s mark the time of local midnight at each observatory and the vertical
lines labeled alphabetically indicate the onset times of the major sub-
storms at about 1620 and 222Q UT on January 1, 1970 and 0310, 0350, 0720,
1125, 1600, and 1830 UT on January 2, 1970.
The proton and electron curves labeled "A" in Figure 6 are believed
to be due to the dispersion of a plasma cloud injected during the 1620 UT
substorm on January 1., 1970 (also labeled "A" in Figure 7).	 Assuming that
11
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6the cloud was formed in the vicinity of local midnight, both species have
traveled about half-way around the earth with the electrons taking an
eastward path And the protons a westward patt ►. The low energy protons
and electrons in the dusk side of this cloud were apparently encountered
at about 0100 UT which corresponds to dusk local time. Since the initial
location of the dusk side of clouds rarely extends to local, times earlier
than 2100 UT, these low energy particles were presumably convected 3 or
4 hours in local time to the west-, during the first 8 hours after injection.
It is believed each of the labeled curves in Figure 6 is produced
by a cloud injected during the substorm designated by the same letter in
Figure 7.
The dispersion curves for the "B" substorm are similar to those of
the "A" substorm except that the satellite was closer to the dusk side of
the cloud so that the low energy particles wer(_ encountered only 4 hours
after injection begat,.
Event "C" at 0310 UT was preceded by a pre p:ursor .at 0249 UT and
was followed. by the stronger event "D" at 0350 UT (before the arrival of
low energy particles from the "C" event).
The western edge of the cloud injected during the "D" event was
initially quite close to the satellite so that low energy particles
arrived within minutes after the onset. The satellite was soon within the
main body of plasma being convected in from regions of smaller magnetic
field.
The ATS -5 was near local.midnight at the time of event "E" so that
particles of all energies arrived with little delay.
•
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By the time of the "F" event, the satellite was approaching "'awn
so that the energetic electrons with their eastward directed gradient
drift velocity
 component arrived first but were quickly followed by low
energy particles (being rapidly convected to the east) and eventually by
protons with energies up to 20 kev which were also moving eastward but
at a lower rate due to their opposing gradient drift velocity component.
As in event "A", the protons on the dixsk side of the cloud drifted
westward and were detected along the second "F" trace in -the lower half
of Figure 6.
Energy Spectra During the Storm
In addition to the structure produced by energy dispersion, a
number of other types of peculiarities in the energy spectra are observed
during magnetic storms. To exhibit some of these features better, the
middle part of the time period in Figures 4 and 5 is replotted in Figures
8 and 9 with the time scale expanded by a factor of two and with logarith-
mic energy scales.
Nine sets of spectra are plotted in Figures 10 through 18 to
permit a more detailed study of the spectral features. The electron
spectra are plotted on the left half and the proton spectra on the right
half of these figures. The spectra of the electron spectrometer directed
parallel to the spin is shifted down by a factor of 100 and the perpendic-
ular proton data is r,.hifted up by a factor of 100 so that both upper curves
correspond to the perpendicular-detectors. The error bars again correspond
to the middle 68 percent of the Poisson distribution. Points at which
zero counts were obtained are indicated by upward pointing triangles.
N
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^'^+^+rns 15 and 16 contain points at which no data was available so that
`L
""I,er data was used. This substitution of earlier data is indicated by
4 ",00+iimrd pointing triangles. The lines below the "BKGD"s represent the
L'rs4cr
	 '	 4+^e4 ed background for each of thwe four detectors. Note that care must
i", ^Aercised in referring to the background levels since the background
r(II 
^-he upper curves frequently falls in the vicinity of the lower curves.
!ti (III re complete description of these plots is given in Appendix B.
40 	 Before proceeding, note that spurious energy structure can be
g`'" ' -I &ted in at least two ways. One is that any spin modulation can "beat"
the energy sampling. The long-time averages used in the present plots
Ito minimize thif, R ',fect. The other one is that the detectors sharing
th14 WUbcommutated data channel have only every other energy , step sampled
dur brig each scan. The peak tracking system is such that on subsequent
the other half of the steps may be sampled, but, in the meantime, the
sI" O t, !rum may have changed. During the period now being considered the
elec(0
,ton
 detectors were sharing the subcommutated channel so their spectra
frecikk^ently show a "ripple" due to spectral changes between the times of the
fit(- ','-Raced scans. This effect is also the cause of horizontal bars in the
elect,±pon portion of the spectrograms during :rapid time changes.
Figure 10 shows the spectra obtained at the beginning of the time
perlu.{d covered by Figure 4. The structure can be shown to be caused by
the d iispersion of clouds injected at earlier times.
Figure 11 taken 2 hours later at 1715 UT on January 1, 1970 shows
hoti, 
"ail of the fluxes below 1 kev were reduced following the "A" event at
162() 	 These fluxes had, in fact, already made changes by 1600 UT i.ndi-
edtinigg the possibility the-t the electric fields in the dayside magnetosphere
wsl.l ►
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may be modified well in advance of the sudden substorm enhancements in
the vicinity of midnight.
Figure 12 shows spectra in which the electrons measured parallel
to the spin vector are almost 100 times greater than perpendicular fluxes
in the energy region around 300 ev. Simultaneously, the low energy
perpendicular proton fluxes are about twice as high as the parallel proton
fluxes. Comparison of Figures 4 and 5 reveals that this phenomenon per-
silted for a period of over 4 hours. Perhaps the extra parallel electrons
were brought into this region of space to compensate for the excess
positive charge arriving in the form of energetic protons.from the cloud
injected by event "A".	 '
Figure 13 shows the spectra after the arrival of the low energy
electrons from the "B" event. Note the sharpness of the dividing line at
1 kev'between these electrons and those between 1.2 and 6 kev which were
probably injected during much earlier events and therefore had more time
to decay.
Figure 14 shows the spectra after the arrival of the energetic
electrons from event "D'': Between 5 and 50.kev, the electron spectra
are very similar to a Maxwellian distribution with a temperature of 6 kev.
The low energy portion of the parallel electron spe,strum will be dis-
cussed below.
Figure 15 shows the spectra Just before event "E" while the mag-
netic field was near its minimum value of about 60 y. Both dashed lines
correspond to an isotropic Maxwellian distribution with a temperature of
2.46 kev and a density of 5.5 a'lectrons/cm3 . The measured spectra match
this fit to within f 30°% .over the range from 0.8 to 24 kev, but they, are
I
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about a factor of 5 higher at 80 ev and remain constant above 30 kev
instead of rapidly decreasing.
Figure 16 shows the spectra Just after event "E" while the mag-
	 r
vatic field was near 150
	
First, note the depletion of the parallel
electrons which begins sharply at 1000 ev. A similar sharp decrease at
150 ev can be seen in Figure 14. Step-like spectral features such as
these are referred to as "precipices". Figures 5 and 9 show that this
, 	 phenomenon persisted for about 1-1/2 hours after event "D" and for about
9-1/2 hours after event "E". The fluxes below the precipice energy are
not reduced to background, and they often contain nearly monenergetic
peaks which move in unison with changes in the precipice energy. Examina-
tion of the perpendicular proton and electron data for this and other
periods has yet to reveal any peculiarities directly associated with the
occurrence of parallel electron precipices. The para:ilel proton data,
however,invariably exhibits extreme modulation at the spin frequency at
all energies less than about twice the electron precipice energy. Since
it is believed that the detector look direction is aligned within 3 degrees
of the spin axis, these modulations, which can be as great as 50 to 1,
cannot be due to structure in the pitch angle distribution unless the
•	 proton trajectories are perturbed in the near vicinity of the spacecraft.
It is not yet known whether these effects in the parallel detectors
could be caused by surface charges on the cylinder of solar cells which
extend beyond the aperture of these detectors. In any case, it seems
possible that these effects are at least indirectly caused by an'
interesting feature of the ambient plasma such as field aligned currents.
It can be seen in Figure 16 that there is, in fact, a large flux of
16
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about a factor of 5 higher at 80 ev and remain constant above 30 kev
instead of rapidly decreasing.
Figure 16 shows the spectra Just after event "E" while the mag-
netic field was near 150 Y. First, note the depletion of the parallel
electrons which begins sharply at 1000 ev. A :similar sharp decrease at
150 ev can be seen in Figure 14. step-like spectral features such as
these are referred to as "precipices". Figures 5 and 9 show that this
phenomenon persisted for about 1-1/2 hours after event "D" and for about
9-1/2 hours after event "E". The fluxes below the precipice energy are
not reduced to background, and they often contain nearly monenergetic
peaks which move in unison with changes in the precipice ever&,. Examina-
tion of the perpendicular proton and electron data for this and other
periods has yet to reveal any peculiarities directly associated with the
occurrence of parallel electron precipices. The parallel proton data,
however, invariably exhibits e.ttreme modulation at the spin frequency at
all energies less than abut twice the electron precipice energy. Since
it is believed that the detector look direction is aligned within 3 degrees
of the spin axis, these modulations, which can be as great as 50 to 1,
cannot be due to structure in the pitch angle distribution unless the
proton trajectories are perturbed in the near vicinity of the spacecraft.
It is not yet known whether these effects in the parallel detectors
could be caused by surface charges on the cylinder of solar cells which
extend beyond the aperture of these detectors. In any case, it seems:
possible that these effects are at least indirectly caused by an
interesting feature of the ambient plasma such as field aligned currer.ts.
It can be seen in Figure 16 that there is, in fact, a Large flux of
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Xprotons in the region of 1.5 to 3.0 kev which has no counterpart in the
perpendicular spectrum. Figure 9 shows, however, that this feature was
intense for less than one hour.
Still another interesting energy structure in Figure 16 is the
sharp peak in both proton spectra at 70 ev. Peaks of this character
would be produced if the satellite were forced to attain a potential
of -70 volts with respect to the plasma in order to maintain a zero
flux of charge. If this interpretation is correct, it indicates that
very few cold ions of ionospheric origin were present.
Figure 17 shows the spectra 2 hours after the "F" event when
the satellite was near dawn local time. The parallel electron spectrum
exhibits a precipice at about 500 ev accompanied by a nearly mono-
energetic peak at 350 ev. It is believed that the protons with energies
greater than 10 kev have traveled around the dayside of the earth and
that the lower energy protons and all of the electrons have been con-
vected directly from the region near midnight local time.
Figure 18 shows the spectra about 4-1/2 hours after the "F"
event. The parallel electron precipice has moved down to-150 ev and
the dividing line between eastward and westward drifting protons has
moved to about 5 kev.
Integrals Over the Spectra
Four different integrals for each of the four spectra in Figures
10 through 18 are given at the top of each plot. , The units and other
details of these integrals are described in Appendix B.
In Figure 19, running 5.5-minute averages of 10 of the integrals
are plotted for the entire time period covered by Figures 4 and 5. The
i
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iintegrals are computed only for the measured part of the distributions
with no extrapolations to higher or lower energies. The densities per
unit solid angle have been multiplied by 4 rr to permit quick estimates
of the total number densities.
The electron energy fluxes obser y-ed during the storm were gaite
adequate to produce bright auroral light emissions. The perpendicular
and parallel electron energy fluxes were typically above 10 and 6
ergs/cm2
 sec sr and had maxima at about 30 and,14 ergs/cm 22 sec sr,
respectively.
The integrals can be seen to have large long-term variations
but to have few short-term variations- larger than a factor of three:.
The auroral emissions d,,,ring the storm presumably exhibited 'the usual
sharp spacial features such as arcs and rays and also strong short-term
variations. If these auroral features have no direct counterpart in the
equatorial plasma, they must be due to differences in precipitation
rates and. other.phenomena such as field aligned currents. Unfortunately,
as yet it is not accurately known what parts of the auroral regiona are
on the magnetic field lines encountered by the ATS -5 satellite.
The particle pressure is usually dominantly due to protons, but
the electrons often make an important contribution. Occasionally the
electron pressure is over twice the proton pressure as it was, for
example, at 1200 UT*January 2, 1970.
The perpendicular particle pressure and the magnetic field
pressure exhibit no simple dependence upon each other, and both positive
and negative correlations are observed. This may indicate the presence
of strong external forces. The presence of external forces may also be
I
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indicated by —..j , relative stability of the plasma even though the
particle pre,:,: 4re exceeded the magnetic field pressure for many hours
during the s*=> .-^s. In particular, during the 20 minutes preceding event
"E" (at O 25
	
the particle pressure was over 3 times that of the
magnetic
The d+--,oiled energy structure encountered by the ATa -5 satellite
varies radica..,' from day to day since it depends upon the time and
4	
intensity of 3,. " of the substorms during at least the preceding 24, hours.
The integrals .`' the spectra at any particular local time are much more
consistent, 1-cw,t}ver. To illustrate this, the integrals from the perpen-
dicular detec-,-,%rs have been examined during 29 days in January 1970 to
obtain minimum, maximum, and "typical" values at six different local
times. The rp-v:lts, along with values for the ratio of pressures, are
given in Table =•
The nizzoer densities of electrons and protons are rarely equal,
althoagh they :-ften differ by less than 15% * In the local time region
within about t hours of dusk, the sateliite is'probably often within
the plasmasphett so that the cold plasma of ionospheric origin (which
is not being hat-cured) dominates the number densities. At other local
times it is bel:.p-ved that the missing charge is frequently to be found
in hot plasma %'mponents outside the energy range of 50 ev to 50 kev.
In particular, .t is believed that protons 'in the 10 to 50 ev and 50 to
100 kev often r*-k important contributions to the total density.
1 n
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Analysis of the data obtained by the UCSD experiment on the ATS-5
satellite has yielded -the following conclusions:
~.1. Ahot cloud of plasma is injected into the midnight sector
of the magnetosphere during each substorm.
2. Energy and pitch angle dependent d1spersion produces:
r•,. sharp and long lived energy structure, and
b. large energy dependent pitch angle anisotropies.
3. The main body of plasma may not directly reflect the
strong space and time variation c, usually exhibited
by auroral precipitation patterns.
4. Increases in the electric field associated with a sub-
storm can further accelerate parts of the plasma previously
injected. It therefore seems probable that these increases
not only provide an input, but also cause at least the
initial steps in the "radial diffusion" responsible
for the radiation belts.
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6APPENDIX A
DESCRIPTION OF A`l'S-5 SPECTROGRAMS
Format
	
'J
The spectrograms are produced in pairs: one showing the spectra
from the perpendicular proton and the perpendicular electron analyzers
and one showing the spectra from the parallel proton and electron
analyzers. They are labeled by a large 1 or jj^on the middle left side.
The proton part is always below the electron part. The day of the year
(January 1 equals day 1) and year is given at the bottom. The month,
day in month, and year are also given'at the left just above the 1 or
label. The times at the beginnings and ends of the spectrograms can be
arbitrarily set, and can v.-over any desired time span. Time scales cover-
ing a6 little as 10 minutes and as great as 4 days have been used. When
more than one day is encompassed, either negative hours or hours greater
than 24 are used to prevent any ambiguity. Grey scales are located at
the right. Six; different integrals are plotted in grey coded bands in
the upper part along with magnetic field quantities. At the very top 	 -
are two data quality indicators.
Grey'Scale Interpretation
The primary value of spectrograms is their ability to reveal pat-
terns in the energy-time plane. The determination of actual flux levels
from them is of secondary importance. For this reason, and because of the
loss in time resolution,the option which produces a coded pattern with
which accurate flux values can be obtained is now rareV used. Color
coding also permits accurate values to be obtained, but is more
%M
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expensive than grey coding. In the present case, color is reserved for
adding another dimension: by superimposing the perpendicular and
parallel spectrograms with color filters limiting each to one-half of
the visible spectrum, the energy and time dependence of the pitch angle
anisotropies are clearly displayed as patterns of different shades of
color.
Should one desire to estimate the flux at a given point on a
spe^trogram, first locate the corresponding level on the grey scale
at the lower right and determine the value of "G" on the scale marked
0 to 3. Th differential energy flux in ev/cm2 sec sr ev is then given
by
(10G '° 1) lob + 4. 367
. where b is given by "EL" in the lower left corner of the spectrogram
for the electron fluxes or "FR" for the proton fluxes. The value of
"ST" in the lower left corner gives the change in G between each of the
33 discrete grey levels available.
One option available is to let the grey scale recycle-repeatedly
instead of simply saturating. This option with a small value of "ST"
is used to reveal small variations over a wide dynamic range of fluxes.
Energy  Scales
The computer program which generates the spectrograms can vtl&lize
any arbitrary function of energy for the energy scales for exhibiting
all or any part of the measured spectra. The entire range frum 50 ev to
50 kev is usually plotted with one of the two types of scales:
22
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1. logarithmic with 50 ev at the buttons Por both protons
and electrons.
2. proportional to 1/(E + 3 kev) with the electron part
inverted and sharing the same point with the protons at
v
zero energy. The bias oe 3 kev was arbitrarily chosen
too give a good presentation of the 50 ev to 50 kev energy
range. If the scale, S, is taken to be 0.0 at infinite
proton energy, 1.0 at zero electrcn and proton energy
and 2.0 at infinite electron energy, then
S = 
E(l-q) + 3 kev 
where E is the particle energy in kevE+3 kev
q = f 1 depending on the sign of the particle's charge.
i
Note that at low energies, S = 1 + qE/3 kev. Time tic
marks are located at S = 0, 1, and 1. The extrapolaticl ►
of dispersion curves back to the time marks (at S = 0 or 2)
yields the time infinite energy particles would have ar-
rived, and therefore, the time of the event responsible
for the dispersing particles. The slopes of the high
energy parts of dispersion curves give a measure of the .
distance of the satellite from the regions in which the
d
particles were perturbed, but it is arTvirently necessary
to include electric field effects to obtain useful
accuracy.
L n
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6Subsidiary Data
A, number of useful quantities are given in the lower left hand
corner.
The analyzers in the "master" and "mate" channels are identified
by numbers following "MASTR" and "MATE" according to the scheme:
1. perpendicular electron analyzer
2. perpendicular rroton analyzer
3. parallel electron analyzer
4. parallel proton analyzer
TA = averaging time for the spectra in minutes.
TS' = time between spectral averages in minutes.
TM =' averaging time for the magnetic data in minutes.
The seven bit command word is given immediately below "CO*MD".
The first three bits give the channel assignments and are therefore
redundant to the master and mate identifications given above. Bits 4 and
5 specify the operating mode according to the scheme:
bit	 4	 5	 Mode
0	 0	 track-sdan
0	 1	 single step scan only
1	 0	 track only
1	 1	 double step scare only
Bits G and 7 not set to zero correspond to other modes which are rarely
used.
"ST", "EG", and "PR" are described above.
"PSNG" specifies the quanti •,;y being plotted in the spectrogram
according to the scheme : , .
N
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1. differential energy flux
2. differential number flux
3. ratios of the flux averaged over "TS" minutes to
,•
the flux averaged over the previous "TA" - "TS"
minutes.
4. ratios of adjacent energy steps.
Options other than the first are used only in special studies.
If the option to make the background black rather than white has been
used,then "PSNG" will b y negative. A black background is preferred for
slides that are to be projected.
Magnetic Field
Data from the ATS -5 magnetometer have been kindly supplied by
T. Skillman of the Goddard Space Flight Center and are plotted, above the
spectral data along with lines at 0, 50, 100 and 150 gammas. The data
are not corrected for the effects of time changes in the spacecraft cur-
rent systems. These perturbations can be as large as 15 gammas. The
absolute value of the magnetic field component parallel and perpendicular
to the spin axis is given by the darker and lighter points respectively
(and usually the upper and lower respectively) with the spectrograms of
the perpendicular analyzers. The perpendicular component is obtained
using only the coarse (33 gamma step size) data and is thus uncertain
by at least f 10 gammas. Most of the scatter in this component is due to
using only the coarse data.
The magnitude of the field end the angle of the field to the spin
axis are given by the lighter and darker points respectively (and usually
the upper and lower respectively) with the spectrograms of the parallel
25
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analyzers. The angle to the spin axis is given in degrees. Both the
magnitude and.angle are subject to the additional uncertainties in the
perpendicular component.
integrals
Above and below the magnetometer data are six strips in which
various quantities are logarithmically encoded in a grey scale such
that a ratio of about 2000 to 1 is covered in going from black to white.
In the 1st, 2nd, 3rd, and nth strips, the following integrals
from the perpendicular and parali.el analyzers are plotted with perpendicu-
lar and parallel spectra respectively:
Label	 Quantity 	 Value at Midpoint of Grey Scale
PR N DE's	 proton number density	 1.0 proton/cm3
EL N DEN	 electron number density	 1.0 electron/cm3
E E FLX	 electron energy flux	 1.0 erg,,/cm sec sr
PR E FLX	 proton energy flux	 1.0 erg/em2 sec sr
In the 4th strip labeled "PRESSURE", the total perpendicular
electron plus proton pressure is plotted with the spectrogram of the
perpendicular detectors with a midpoint value of 10 8 dynes/cm In the
r
4th strip with the parallel data, the magnetic field pressure is plotted
with a midpoint value of 2 x10 -8 dynes/cm .
In the 6th strip (near the trip) labeled "PAR NFLX" the parallel
electron number flux is plotted with the spectrogram of the perpendicular
detectors with a midpoint value of-108 electron/cm sec sr. In the top
strip with the parallel data, the parallel proton number flux is plotted
witli a midpoint value of 107
 protons/cm sec sr.
26
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6Data QualityIndicators
At the very top of the spectrogram is a line which increases in
breadth withAn increasing percentage of missing data. In the track-scan
mode, about 73 percent of the potential data is usually "missing" since
7; percent of the time is spent tracking a peek in a narrow spectral
region. When data are not available, previous data are used unless the
time gap is greater than 30 minutes in which case the spectrograms are
left blank. The top line, of course, goes to its maximum width during
gaps in the data. The magnetometer data is not plotted during such gaps.
Care must be exercised to avoid false interpretations of spectrograms
containing data padded , in from an earlier time.
just below the missing data line is a line which becomes darker
and thicker with increasing numbers of bad points. Often the quality of
data transmission is such that over one percent of the data points are
bad .  Even the highest quality data being obtained are usually incorrect
more than 0.1 percent of the time. This corresponds to , over 800 bad
data points per day of data. .A data editing scheme has been devised
which eliminates approximately 99 percent-of the bad data and rarely
removes data later judged to be good. Failure to remove bad pointsv
usually occurs when the false data happen to form a self-cmisistent
context. This type of failure to edit properly'is responsible for the
two white areas in the lower right of Figure 4. The bad data indicating
line reaches its maximum thickness when there are more than 10 bad
points in the four spectra meaqured during the time covered between
averages (equal to "TS").
27
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sAPPENDIX B
DESCRIPTION OF ATS-5
 SPECTRAL • AVMGE PLOTS
Format
The spectra from the two electron and the two proton analyzers
are plotted in adjoining log-log plots with borders at 
.30 ev and 100 kov,
The range of the vertical scale is variable and depends upon whether the
differential energy flux or the differential number ,flux is being plotted.
The parallel electron spectrum is shifted down by a factor of 100 (i.e.
x 0.01) and the perpendicular proton spectrumn is shifted up by a factor
of 100 (i.e. x 100). These shifts usually provide adequate separation
and place the perpendicular, spectra above the parallel spectra in each
case .
The universal time at the midpoint of the data being averaged
over is given twice at the top of the plots. On the left hand (electron)
side, the time is given in hours, minutes ., tenths of minute, month, day
of month, and year, and is followed by the averaging time in minutes. On
the right hand (proton) side, the time is given in hours (to the nearest
one thousandth of an hour), day of year (January 1 equals day 1), and the
year. The local time in hours and minutes is sometimes added on the left
side.
Also ,given near the top are four different integrals 'over each
of the four spectra. The integrals for the perpendicular data are given
above the integrals for the parallel data. Following two of these sets
of integrals will be found the words "MASTER" and "MATE" to indicate
which analyzexs are occupying the two non-subcommutated data channels.
28
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•When in the track mode, the "master" analyzer controls the peak tracking
system. The operating mode (for example the scan only or track-scan
modes) of the system is given on the right side.
•	 Error Bars
Vertical bars which encompass the middle 68.26 percent of the
Poisson distribution are given at each data point. At high rates, they
correspond to plus and minus one standard deviation. The approximation
N t = N : IF (1.0 - 0.17/N) is used where N is the total number of
counts accumulated at the point.
When in the track-scan mode, there are about four times the number
of accumulations at the points near the energy of the peak being tracked
thr,n at other energies. Also the spectre, from the "Master and "Mate"
channels will have about twice the accumulation time as the other two
(subcommutated) spectra.
When in the single step scan only mode, every other data point
in the subcommutated spectra will be missing. This under-sampling of
the spectra can lead to substantial errors in the smooth line drawn 	 Y
through the data points since structure as sharp as the instin=ents',
resolution is frequently observed.
If zero counts are obtained, then the error bar is replaced by
a triangle pointing up to the line which is placed at one-half the
flux corresponding to one count being accwmxlated.
If no data are available for a point during the time period
being averaged over, then the flux obtained during a preceding time
period is inserted. In this case, the error bar is replaced by a
tir!VrFU pointing down to the data point.
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6Integrals Over the Spectra
,
The four integrals given for each analyzer at the top of the
plots are of course intrinsically directional quantities. The parallel
cases correspond to pitch angles near ar = the angle of the spin vector
to the magnetic field vector, and the perpendicular cases correspond to
averages over the pitch angle range of 90 1 a degrees. The integrals are
taken only over th y measured range of 50 ev to 50 kev and are, therefore,
lower limits.
The number densities in particles/cm 3 are labeled "DEN" and
correspond to 4 n times the directional number densities in
particles/cm3 sr.
The particle pressures in 10-9 dynes/cm are labeled "PRES ".
They correspond to 8 TT/3 times the directional energy densities ip
ergs/cm3 sr. The multiplication by 8 n/3 simplifies computation of the
total particle pressure perpendicular to the magnetic field vector.
The directional energy fluxes in ergs/cm sec sr are labeled
"E FLOC"
The directional number fluxes in 106 particles, /cm sec sr are
labeled "N FLX".
J
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iFIGURE CAPTIMS
1.	 Differential
L a 6.8 eartl
on 1233.8 UT
differential
energy flux of protons near the loss cone at
a radii, averaged over a 10.9 minute period centered
Jan. 6, 1970. The dashed line corresponds to a
number flux of 100 protons/em sec sr ev.
2.	 Same as Figure 1 except with a linear flux 3cale .
30	 A spectrogram of the proton differential energy flux dciing
Jan. 6, 1970. The upper half identifies some of the dispersion
curves.
4. Spectrogram of the perpendicular proton and electron fluxee
(4.1 minute averages taken every 1.37 minutes) from 1500 UT
Jan. 1, 1970 to 2100 UT Jan. 2, 1970. The energy scales are
proportional to (E + 3 kev) -l . A description of this and the
following spectrograms is given in Apper.3ix A.
5. Came as Figure 4 but of the .fluxes par;?.lel to the spin axis
which is aligned with'the earth's rotational axis.
Dispersion curves found in Figure 4 which are believed to be
associated with the substorms identified by the same letters
V
in Figure 7.
7•	 Five magnetograms covering the isame time period as Figures 4, 5,
and 6. The "M"s mark local midnight at each station and the
vertical lines mark the onset of 8 substorms.
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FIGURE CAPTIONS
1. Differential energy flux of protons near the loss cone at
L - 6.8 earth radii averaged over a 10.9 minute period centered
on 1233.3 UT Jan. 6, 1970. The dashed line corresponds to a
differential number flux of 100 protons/em 2 sec or ev.
2. Same as Figure 1 except with a linear flur. scale.
3. A spectrogram of the proton differential energy flux d►:ting
Jan. 6, 1970. The upper half identifies some of the dispersion
curves.
4. Spectrogram of the perpendicular proton and electron fluxee
(4.1 minute averages taken every 1.37 minutes) from 1500 UT
Jan. 1, 1970 to 2100 UT Jan. 2 0 1970. The energy scales are
proportional to (E + 3 kev) -1 . A description of this and the
following spectrograms is given in Appet.iix A.
5. -&me as Figure 4 but of the fluxes par-,L'.lel to the spin axis
which is aligned with the earth's rotational axis.
6. Dispersion curves found in Figure 4 which are believed to be
associated with the substorms identified by the same letters
I .	 in Figure 7.
7•
	
	
Five magnetograms covering the name time period as Figures 4, 5,
and 6. The "M"s murk local midnight at each station and the
vertical lines mark the onset of 8 substorms.
•
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•8. Spectrogram of the perpendicular fluxes (2.74 minutes averages
taken every 1.37 minutes).of the middle part of the time period
covered in Figure 4. Simple logarithmic energy scales are used.
9. Same as Figure 8 but of the parallel fluxes..
10. The four spectra averaged over 4.1 minutes showing the energy
structure found near the beginning of the time period covered
by Figures 4 and 5. Note that the system is in the track-scan
mode which performs only 3 scans in a 4.1 minute period. This
means that except in the vicinity of the energy of the peak being
tracked, each energy step is sampled for only three 0.'26 second
intervaln during the 4.1 minutes. Furthermore,, the electron data
are suhcommutated so that there are only three 0.26 second samples
taken for each pair of adjacent energy steps. Care must be
exercised to associate the correct background ;Level with the
proper spectrum.
11. The spectra after the depletion at loi, energies associated with
event "A".
12. Spectra showing high energy protons from event "A" and enhanced
low energy parallel electron fluxes.
13. Spectra after the encounter with low energy electrons from
event "B'%
d
•
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"^	 t
in the electron spectra is due to time changes between the inter-
lacing scans.
15. Spectra ,just prior to event "E".
lei. Spectra showing a "precipice" in the parallel electrons, a 3 kev
peak in the parallel protons, and sharp peaks in both the
parallel and perpendicular protons at 70 ev.
17. Spectra showing a 350 ev peak in the parallel electrons.
18. Spectra showing the parallel electron fluxes to be about a factor
of three less than the perpendicular fluxes and the 100 to 1000 ev
parallel proton fluxes about a factor of 3 greater than the
perpendicular proton fluxes.
19. 5.46 minute averages computed each 2 -T3 minutes of four different
types of integrals over the 50 ev to 50 kev spectra.
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14. Spectra after the arrival of electrons from event "U". The "ripple"
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